1 2 1) Most conservation projects failed so far in conserving the Common hamster Cricetus cricetus 3 2 The effects of litter size and timing of harvest on population growth and persistence were evaluated. 4 3) Farming practices have been intensified and have become an important threat to this species. 5 4) The timing of harvest determines the total reproductive output of a population. 6 5) Conservation projects should focus on delaying harvest of cereals until September. 7 8 2
Introduction

46
The Common hamster Cricetus cricetus, a medium sized rodent, inhabits agricultural landscapes throughout Europe and was considered to be a pest by the farming community for generations. However, the species has year, after 365 days, is used as the input of the population size for the next year. 126 At first, a deterministic model was developed allowing to simulate the main population trends with different litter 127 sizes of 5, 6 or 7 and different harvest data. We used the minimum number of adults alive per year for calculating annual growth rates (λ = N t+1 /N t with N t = minimum number of hamsters in year t), Graphs representing population 129 development using different harvest data were constructed. The annual minimum number of adults is relevant as 130 it represents a population during its most critical period. Populations went extinct, by definition, when the number 131 of adult females was smaller than one. 132 The deterministic model was expanded by adding two stochastic components in the model: variation in litter size 133 and inter-annual variation in the start of the reproductive period. Litter size is influenced by genetics and possibly 134 by habitat quality and therefore mean litter size was drawn from a normal distribution with an average of 5, 6 or 7 135 and a standard deviation of 1.25 (La Haye et al. 2012) . The start of the reproductive period is influenced by 136 weather conditions (Grulich 1986; Hufnagl et al. 2011 ) and we allowed reproduction to start 30 days earlier in on 137 average one out of 10 years, thus allowing females to produce an additional litter in the same season (depending 138 on the timing of harvest). Such 'optimal years' also occur in reality with an average frequency of once every 10 139 years (Nechay 2008) . Including more stochastic parameters was not feasible in our opinion, because of the lack 140 of reliable data. Including more stochastic parameters would also have made it more difficult to analyse the effects 141 of harvest and litter size on the population ecology of this species, while the importance of these parameters for 142 population persistence and development had been shown in earlier studies (Out et al. 2011a; Harpenslager et al. 143 2011; La Haye et al. 2012) . The output of the stochastic model analysis was the percentage of populations that 144 went extinct within 50 years based on 500 runs. In the model we used parameter values from wild populations as much as possible. An overview of all parameter 148 values and their references is presented in Appendix 1. Other important data were collected in the period 2002-149 2012 in a large research and reintroduction project in the Netherlands (Harpenslager et al. 2011; Kuiters et al. 150 2010; La Haye et al. 2010; Müskens et al. 2005; Müskens et al. 2011; Out et al. 2011a; van Wijk et al. 2011), 151 however, only data from wild-born individuals were used as released captive-bred individuals show different 152 behaviour and survival rates (Kuiters et al. 2010; Harpenslager et al. 2011) . The data from the Dutch 153 reintroduction project were collected in areas with a combination of regular and hamster-friendly managed 154 agricultural plots, but (values of) population parameters did not differ among these plots in the period before 155 harvest. The timing of harvest is the crucial difference between plots with or without hamster-friendly management 156 (La Haye et al. 2010; Kuiters et al. 2010; Out et al. 2011a ).
The timing of births of litters from adult and sub-adult females of the 1 st litter were fixed in the model (given that 158 there was no harvest before these birth dates), although it is known that there is variation in timing of births (Albert 159 2013). However, detailed data on variation in timing of births under natural conditions is very limited because 160 births take place in underground burrows (Out et al. 2011b; Albert 2013) . Birth of litters by adult females was set 161 to occur at two moments in normal years: on 14 th of June and on the 27 th of July and at three moments in 'optimal' Grulich 1986). If the mother died in the first three weeks as a result of harvest or by another cause, the complete 176 litter died as well.
177
Survival rates of adults depend on the season (Losík et al. 2007; Kuiters et al. 2010) . We therefore used different 178 daily survival rates between months, but constant daily survival rates within each month (Table 1 ). We supposed 179 that juveniles are also affected by harvest since they are unexperienced and therefore more likely to be predated 180 on an arable field without cover (Villemey et al. 2013) . We modelled survival of juveniles after harvest depending 181 on their age: no survival for juveniles of an age of ≤20 days since they are not yet weaned and thus will die when 182 their mother dies or was forced to emigrate (Müskens et al. 2005) . Juveniles of 21-31 days experienced a 183 mortality of 50%, juveniles of 32-42 days experienced a mortality of 25% (see Table 2 ). The survival rates of 184 juveniles were chosen to simulate differences in the impact of harvest on juveniles, as we expect that survival of 185 juveniles after harvest increases at they are older. On the 42 th day of their life, surviving juveniles had a 40% chance of becoming sub-adult in our model (based on Gorecki 1977 who reported an overall 40% rate of sub-187 adult recruitment). Reproduction by sub-adults was not possible after harvest, similar to adult females.
188
No density-dependent effects were incorporated in the model since we did not aim to determine the maximum 189 carrying capacity or how a hamster population behaves at high densities, we were mainly interested in the effects To investigate the effects of different harvesting data, six harvest scenarios were run ranging from an early 204 harvest in July (early harvest), until postponed harvest in September and even a scenario without harvest ( Figure   205 1). Harvest is defined as the moment where the last cereal is removed. Indicative harvest data from cereals in the 206 Netherlands in the period 2010-2014 are presented in Table 3 . The different scenarios comprise the variation 207 shown in Table 3 . Furthermore we included 2 scenarios 'postponed harvest' and 'no harvest' where agri- Under all harvest scenarios it is possible for adult females to produce a first litter in June (Figure 1a ). The second 231 wave of litters born at the end of July, produced by adult females and sub-adult females (born in adult females' 232 first litter), occurs only when harvest is delayed until August or when harvest is not allowed. The percentage of 233 surviving juveniles depends on different harvest scenarios (see Table 2 ). Harvest in September and 'no harvest at 234 all' do not affect survival of juveniles of adult females' first nor second litters.
The same six scenarios were also applied to the stochastic model. In optimal years litters are less affected by 236 harvest, as juveniles are older at the moment of harvest (Figure 1b ). An increased litter size had a positive effect on population growth, but this effect is small and timing of harvest is 246 much more important as can be seen in figure 2a-2c: the overall picture is the same for all graphs with large 247 differences between harvest scenarios, but only small differences between litter sizes (Table 4 ). The main 248 difference between harvest scenarios, with a positive and a negative growth rate is the possibility of successfully 249 raising the second wave of litters born at the end of July. The second wave of litters and juveniles is not, or only (Table 4) . Both the deterministic and stochastic model show that the balance between population growth and population 297 persistence mostly depends on the timing of harvest, with harvest scenarios allowing a successful second wave of 298 litters having positive growth rates and more persistent populations. The limit for population persistence is formed 299 by litter sizes of 5-6 combined with a very late harvest; the larger and the later, the better. over relative high (Gorecki 1977; Grulich 1986; Kuiters et al. 2010) .
315
The intensification of agriculture in Europe, and especially the intensification of cereal management, 316 negatively influence the population dynamics of the Common hamster in different ways. First, the area of spring 317 sown cereals, has declined dramatically in the last decades in several European countries (Brickle & Harper 2002; CBS et al. 2013; Villeymey et al. 2013) . Spring sown cereals have the advantage of a postponed harvest 319 compared to winter sown cereals, increasing the chance for females within a population to reproduce for a longer 320 period during the breeding season. Second, besides the shift from spring sown cereals to winter sown cereals, the 321 absolute area with cereals has declined as well (Donald et al. 2002) and it is expected to occur in Eastern Europe 
